Abstract. At present, research on BRAF gene mutations appears to be mainly focused on melanoma rather than nonsmall-cell lung cancer (NSCLC). We herein describe the case of a patient with BRAF V600E-mutated advanced NSCLC, whose symptoms were relieved and computed tomography imaging revealed partial response to vemurafenib following failure of chemotherapy. This case demonstrates the promising prospects of BRAF inhibitor treatment in patients with BRAF-mutated NSCLC. Targeted therapies have significantly modified the treatment of NSCLC. However, tumor tissue is frequently hard to obtain, whereas the coincidence rate of gene mutations between the plasma and tumor tissue is 60-80%. Therefore, in cases where tumor tissue is difficult to obtain, plasma next-generation sequencing may be used to detect gene mutations, which can overcome the limitations of gene detection. Furthermore, due to the tumor heterogeneity, different patients exhibit different gene mutation abundance. Research has demonstrated that mutation abundance is associated with the therapeutic efficacy of epidermal growth factor receptor-tyrosine kinase inhibitors. However, the association between BRAF mutation abundance and the therapeutic effect of BRAF inhibitors requires further verification.
Introduction
The BRAF protein is a member of the RAF-MEK-ERK signal transduction pathway (1) . Mutations of BRAF kinase are actively involved in oncogenic proliferation through its constitutive activity (2) . Approximately 3% of non-small-cell lung cancer (NSCLC) cases harbor BRAF mutations (3) . However, research on BRAF gene mutations are rarely focused on NSCLC. Targeted therapies have significantly modified the treatment of NSCLC (4), with a large number of targeted therapies for NSCLC already available or currently in clinical trials. However, tumor tissue may be difficult to obtain for gene detection. It has been demonstrated that next-generation sequencing (NGS) tests are superior in terms of sensitivity and specificity compared with non-NGS methods. Additionally, the coincidence rate of gene mutations between the plasma and tumor tissue is 60-80% (5), suggesting that plasma NGS may be recommended for selection of targeted drugs.
Case report
In April 2016, a 71-year-old man with a 46-year history of smoking was diagnosed with lung adenocarcinoma of the right middle lobe during a medical examination. A computed tomography (CT) scan revealed a mass in the middle lobe of the right lung with multiple metastatic nodules in both lungs. Pathological assessment confirmed the diagnosis of pulmonary adenocarcinoma. The patient was wild-type for epidermal growth factor receptor (EGFR), Kirsten rat sarcoma viral oncogene homolog (KRAS) and anaplastic lymphoma kinase (ALK).
In May 2016, the patient was treated with carboplatin and pemetrexed (400 and 800 mg/day, respectively) for a total of 6 cycles. A partial response (PR) was achieved. Therefore, in November 2016, the patient was administered pemetrexed maintenance monotherapy (800 mg/day) for 6 cycles. However, the CT scan after 6 cycles of maintenance therapy revealed progressive disease (PD) indicated by an increase in the size of the lung lesions (Fig. 1) . The patient again received chemotherapy with carboplatin and pemetrexed (450 mg twice daily and 800 mg/day, respectively). After 2 cycles of chemotherapy, the appearance of new liver lesions indicated PD. In July 2017, the patient was administered docetaxel (100 mg/day). After 2 cycles of this single-drug chemotherapy, PD was indicated by an increase in the size of the lung lesions and the appearance of new lesions in the pancreas and kidney. The performance status (PS) of the patient quickly deteriorated to 3, with complaints of abdominal distention and chest pain. In August 2017, plasma NGS analysis revealed a V600E BRAF mutation in exon 15, with a mutation abundance of 18.62%. Treatment with vemurafenib was initiated at a dose of 720 mg (BID) on August 25, 2017 and the dose was increased to 960 mg from September 1, 2017 to September 5, 2017 to improve the efficacy. However, the vemurafenib dosage was again reduced to 720 mg (BID) due to adverse events such as hand-foot syndrome, liver dysfunction and hypodynamia. The side effects diminished following dosage reduction. After treatment with vemurafenib, the patient's symptoms of abdominal distention and chest pain were ameliorated, and the PS improved to 1. A PR was achieved. However, in December 2017, a CT scan revealed that, although the primary lesion in the lung had shrunk, new liver lesions had appeared, and the treatment efficacy evaluation was again PD (Fig. 2) . Furthermore, the PS quickly deteriorated to 3, and the patient again exhibited symptoms of abdominal distension. The patient finally succumbed to the disease on the day of discharge (December 24, 2017), and the cause of death was multiple organ failure. The overall duration of vemurafenib treatment was 3.2 months, and the patient's survival following lung cancer diagnosis was 19.2 months.
Discussion
Currently, treatments for NSCLC include surgery, chemotherapy, radiotherapy, targeted therapy and immunotherapy. Targeted therapies have significantly changed the treatment of NSCLC (4). However, with regards to the tumor heterogeneity and differences among tissues and organs, the effects of the same targeted agent on tumors located in different areas, even in the same region, may vary greatly (6, 7) . BRAF mutations are a contributor to the heterogeneity of lung cancer. The BRAF protein is a member of the RAF-MEK-ERK signal transduction pathway that controls a variety of biological processes (1). Mutations of BRAF kinase are actively involved in oncogenic proliferation through its constitutive activity (2) . BRAF mutations include V600E and non-V600E mutations. Approximately 3% of NSCLC cases harbor BRAF mutations, which are closely associated with adenocarcinoma (3). The BRAF V600E mutation is more frequent among women and is significantly associated with non-smokers (3). Approximately 55% of NSCLC patients with a BRAF mutation have been found to harbor the V600E mutation (8) . Overall survival (OS) with chemotherapy has improved by the use of vemurafenib (a BRAF inhibitor), which was approved by the Food and Drug Administration and European Medicines Agency for the treatment of metastatic melanoma with a BRAF mutation (9) . There are studies and clinical trials showing that BRAF inhibitors are effective against BRAF-mutated NSCLC (10, 11) . One phase 2 trial included 57 NSCLC cases with the BRAF V600E mutation, and the overall response rate (ORR) was 63.2%, indicating that dabrafenib plus trametinib were promising as novel targeted therapy in BRAF V600E-mutant NSCLC (11) . In a histology-independent phase 2 'basket' study of vemurafenib, the response rate of the NSCLC cohort was 42%, and the median progression-free survival (PFS) was 7.3 months (12). In the case described herein, BRAF-mutated NSCLC responded to vemurafenib treatment.
In the present case, the dose of vemurafenib was reduced due to adverse events, including increased levels of total bilirubin and PS 3. The most common adverse reactions associated with vemurafenib include diarrhea, fever, rash, photosensitivity, hand-foot syndrome, joint pain, abnormal liver function and QT interval prolongation. In Chinese studies, the adverse reactions of vemurafenib were mainly grade 1-2, whereas events of grade ≥3 were rarely reported. The incidence of melanotic nevus was high, but there are no reports of melanotic nevus progression, and the use of vemurafenib in cutaneous squamous cell carcinoma has not yet been reported. In other studies, the adverse reactions of vemurafenib were mainly grade 1-2 with grade ≥3 reactions rarely reported; the majority of the grade 3 reactions were observed in cutaneous squamous cell carcinoma.
There is currently a great number of targeted therapies for NSCLC that are already available or undergoing evaluation in clinical trials. Therefore, molecular characterization of tumors using NGS technology has become a valuable tool that aids treatment decision-making and the clinical management of NSCLC patients (13) . Non-NGS testing includes a number of tests for alterations of 11 genes known to be involved in lung cancer (14, 15) . All four types of DNA alterations in cancer may be diagnosed though hybrid capture-based NGS platforms with better sensitivity and specificity compared with non-NGS tests (13) . One study indicated that hybrid capturebased NGS identified actionable genomic alterations in 65% of tumors with genomic alterations that were not detected by more dated extensive non-NGS testing (14) . Furthermore, dysregulated miRNA profiles may be specifically identified using NGS technology in resectable NSCLC, which may be a potential predictor of recurrence-free survival and OS (16) .
At present, plasma NGS technology is applied in clinical practice. Sensitive polymerase chain reaction analysis techniques and high-throughput NGS technologies have been developed to perform genetic analyses of circulating free DNA. The coincidence rate of gene mutations between the plasma and tumor tissue is 60-80% (5). Therefore, in cases where tumor tissue is difficult to obtain, plasma NGS may be used to detect gene mutations. Limitations of gene detection in tumor tissues are overcome by plasma NGS technology. The high specificity of NGS may be directly recommended for the selection of targeted drugs based on the results of the plasma DNA analysis (17) .
Due to the tumor heterogeneity, different patients may harbor different gene mutations, such as the multiple mutations of EGFR. The mutation abundance is associated with the therapeutic effect of EGFR-tyrosine kinase inhibitors. Patients with EGFR mutations had a significantly longer PFS compared with those without EGFR mutations (18). Patients with a high level of EGFR mutation abundance exhibited better response to treatment compared with patients in the low-level group (19) . However, there are no relevant studies on the abundance of BRAF mutations. It remains unknown whether BRAF mutation abundance affects the response of patients to targeted drug therapy to the same extent as EGRF mutation abundance, and further experiments are required to elucidate this hypothesis.
In conclusion, we herein described the case of a heavy smoker with BRAF-mutated NSCLC. The patient was wildtype for EGFR and ALK. Following failure of the second-line treatment, the patient was administered vemurafenib when the NGS analysis revealed a V600E BRAF mutation in exon 15 and a mutation abundance of 18.62%, after which time the CT scan revealed a PR. However, in December 2017, the CT scan revealed PD (PFS of 3.2 months). This case provides an example of vemurafenib administration based on NGS, and highlights the potential value of vemurafenib in the treatment of advanced lung cancer harboring a BRAF mutation.
